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Introduction
For a number of years, the central banks of the major advanced economies have pursued historically unprecedented ultra-low interest rate policies and negative interest rate policies; facing the zero lower bound problem, they have also implemented various asset purchase programs -known as "quantitative easing" (QE) -with the aim of reducing long-term interest rates. While there is a continuing debate on the relation between short-term and long-term interest rates (Roley and Sellon, 1995; Wright, 2012) as well as the effect of QE policies on long-term rates (Belke et al., 2016, Krishnamurthy and Vissing-Jorgensen, 2011; Christensen and Rudebusch, 2012; Christensen and Krogstrup, 2015; Gros et al., 2015) , there has been growing evidence that advanced countries' unconventional monetary policies (UMPs) have caused significant spillovers to the financial markets of emerging market economies (EMEs).
1 Importantly, the decline in short-and long-term government yields in advanced countries has contributed to the flow of investment funds into EME assets with higher risk-adjusted returns. Such additional flows of funds into emerging market bonds may influence domestic monetary conditions by altering long-term yields in emerging countries. Furthermore, some EMEs recently have experienced increases in foreign investment in conjunction with growth in both the liquidity and principal outstanding in their local currency government bond markets, potentially increasing the link between foreign and domestic interest rates via portfolio reallocations between developed and emerging bond markets (Moore et al., 2013) .
Against this backdrop, this paper investigates the evolution of spillovers from advanced countries' bond markets to EMEs. The analysis and quantification of these spillovers provides insights into the degree of monetary independence that EMEs enjoy. To gauge long-term interest spillover effects, the paper uses vector autoregressive (VAR) variance decompositions with daily data for eight Asian emerging economies (China, India, Indonesia, Korea, Malaysia, the Philippines, Taiwan and Thailand) 2 as well as Hong Kong, the US, the Euro area and Japan for the period May 2003 to September 2016.
1 See Chen et al. (2012) , Lavigne et al. (2014) , Miyajima et al. (2014) , Bowman et al. (2015) , Eichengreen and Gupta (2015) , Hofmann and Takáts (2015) , Tillmann (2016) and Caceres et al. (2016) . 2 These eight Asian economies are included in the widely used Modern Index Strategy Indexes (MSCI) Emerging Markets Index. Hong Kong is considered a developed market by MSCI.
In contrast to previous studies looking into monetary policy spillovers to EMEs, we use highfrequency data, the dynamics of which are less affected by macroeconomic fundamentals. This is an advantage in identifying spillovers in financial markets, where news are priced rapidly. Given a much larger number of observations as compared to using data at lower frequency, we are also able to better analyze the time-variations in the spillovers and detect sudden changes in transmission magnitudes.
Apart from event studies which are usually based on daily (or intra-daily) data, most empirical investigations of interest rate spillovers from the advanced countries to EMEs use monthly or quarterly data (Belke et al., 2016) . To our knowledge, the only non-event study where high frequency data is used to investigate interest rate spillovers from the US to EMEs is Edwards(2012) . However, there are a number of important differences between our analysis and that conducted by Edwards (2012 The remainder of this paper is organized as follows. Section 2 provides a brief discussion of bond markets in Emerging Asia and a review of the literature on monetary policy spillovers between advanced and emerging economies. Section 3 outlines our estimation approach and the data and variables we use. Section 4 presents our estimations of bond yield spillovers. Section 5 sums up our findings and discusses policy implications.
Bond markets in Emerging Asia and monetary policy spillovers
Bond markets play an important role in building a diversified financial system and promoting longterm financing to support growth. Since the late 1990s, EMEs have recognized the importance of local currency bond markets and promoted their development, especially government bond markets. 3 In Emerging Asia, local currency government bonds have become an increasingly important source of government financing. Foreign investors have continuously strengthened their exposure to government bond markets in emerging economies.
Movements in bond yields across the region can be attributed both to fundamental conditions in domestic economies and the influence of global factors. Economic growth, inflation and fiscal conditions should be mentioned among the main domestic factors (Jaramillo and Weber, 2012) .
Recently, low interest rate environments in the advanced economies resulted in favorable liquidity conditions and have driven foreign investors to riskier assets in search of higher expected riskadjusted returns (Belke and Verheyen, 2014) . Such portfolio rebalancing has lowered risk premiums, boosted asset prices and lowered yields in the Emerging Asia, effectively easing the financial conditions in the region and thus, creating challenges for their central banks in delivering price and financial stability.
Along with the portfolio-balance channel, Bauer and Rudebusch (2014) Moore et al. (2013) study the spillovers of US QE on 10-year government bond yields of 10 EMEs, including 4 Asian EMEs (Indonesia, Korea, Malaysia, Thailand).Their estimates suggest that a decrease in the US 10-year Treasury yield by 10 basis points increased the foreign ownership share of EME debt by 0.4 percentage points with a negative effect of roughly 1.7 basis points on government bond yields. Bowman et al. (2015) analyze the effects of the Fed's unconventional monetary policies on sovereign yields, foreign exchange rates and stock prices in 17 EMEs, 10 of which are from Asia (China, Hong Kong, India, Indonesia, Korea, Malaysia, Philippines, Singapore, Taiwan, Thailand).
Their event study findings suggest that US monetary policy shocks significantly affect local currency sovereign yields in many countries but that the magnitude and the persistence of the effect varies greatly across EMEs. Aizenman et al. (2016) follow a two-step estimation approach using monthly data. They find links of both policy interest rates and real effective exchange rates of EMEs with the major advanced economies over the last two decades. However, the linkages of stock market price changes and sovereign bond spreads between the center and periphery economies are found to be much less robust. Miyajima et al. (2014) They find significant effects on long-term bond yields, suggesting that the control that domestic monetary authorities exert over long-term rates is compromised. They also find spillover effects on the growth of bank credit.
Tillmann (2016) estimates a Qual VAR model à la Dueker (2005) suggest that the Fed's QE policies increased capital inflows to EMEs, with positive effects on EME equity prices and negative effects on EME bond spreads. Tillmann (2016) also finds that the effects on EME bond spreads from a typical QE shock are similar to spillovers from a cut in the Fed Funds rate.
Overall, previous studies clearly show that unconventional US monetary policy in the wake of the 2007 crisis caused spillovers to Emerging Asian bond markets. We complement the existing research by making a number of new contributions in this paper. As mentioned earlier, in contrast to most previous research we investigate potential spillovers not only from the US but also from the Eurozone and Japan. Moreover, our estimation framework allows us to detect spillovers to sovereign long-term bond yields also between EMEs. The use of high frequency data allows us to analyze information that is otherwise lost in aggregation and analyze the time-variations in the spillovers and detect sudden changes in transmission magnitudes.
Data and empirical approach

Data
We use daily data of 10-year government bond yields for Indonesia, Korea, Philippines, India, China, Thailand, Taiwan, Malaysia, Hong Kong, the US, the Euro area and Japan, taken from
Thomson Reuters. Due to data availability, the sample includes observations starting from Bond yields in advanced and emerging economies have moved closely together in recent years, despite differing macroeconomic conditions ( Figure 1 ). We investigate whether this co-movement can be attributed to international monetary spillovers, e.g., whether and to what extent long-term interest rates in core countries affected long-term interest rates in emerging Asia's countries.
Figure 1: Bond yields of Emerging Asian economies and major advanced economies
Note: For all graphs left y-axis is for US, Euro area and Japan bond yields, right y-axis is for the remaining data. 4 The estimations based on the alternative matching of data, where today's euro area bond yields correspond to the average of same-and next-day data for Asian yields, produce the same results. Moreover, in line with the arguments of Ehrmann et al. (2011) we've also performed estimations using a 2-day window. The main estimation results remain. The obtained results based on different data choices are available upon request.
The three-month interbank interest rate and 10-year government bond yield for a country generally show common trends. However, short-term interest rates for some countries demonstrate small variation over particular time periods, posing difficulties for empirical analysis based on daily frequency data and, thus, on results' reliability. Moreover, daily three-month interbank rates for
China are available only from 09.10.2006, which would also decrease degrees of freedom by VAR analysis. Thus, we will proceed with the analysis of long-run interest rates, namely 10-year government bond yields.
Estimation approach
In order to estimate the spillovers from bond markets in major advanced economies to Emerging
Asia we follow the empirical approach proposed by Yilmaz (2009, 2012 ) based on VAR variance decompositions.
Firstly, we estimate the VAR(p) 5 model:
where ε ∈ (0, Σ) is the i.i.d. errors vector.
A VAR-framework allows us to consider all variables as endogenous, which allows, first of all, considering non-trivial interlinkages between advanced economies in a proper way. Secondly, since EMEs represent a large and rising share of the global economy, there is growing evidence of spillbacks from EMEs to advanced economies, primarily through the trade, financial and commodity price channels (Rajan, 2014) . Analysis conducted by the IMF suggests that spillback effects from EMEs tend to be modest, but could be larger in crisis periods. In addition, the effects are larger for countries or regions with greater trade exposure to EMEs, such as Japan and the Euro area (IMF, 2014) .Taking into account above mentioned considerations the VAR model seems to be a reasonable choice.
According to economic theory it is plausible that interest rates are mean reverting, i.e. that they revert to a long-term equilibrium level as time goes by. However, empirical evidence to the stationarity of interest rates is mixed. In our sample, unit root tests indicate that bond yields in some 5 Since the yield data display a downward trend for some countries in the sample, we have also performed estimations with included time trend in the equation (1). The results remain robust to the inclusion of the trend. A graphical depiction of the dynamics of total spillover index and directional spillovers from major advanced countries to Emerging Asia of the specification with time trend is shown in the working paper version of this article (Belke et al., 2017 ).
countries could be indeed considered as I(1) process, although these results are not unambiguous with respect to the choice of unit root test specification 6 . Moreover, a Johansen test indicates the existence of cointegrating relationships in our model, and thus, the first difference estimates might be biased because the error-correction term would be omitted. In this work, thus, we follow the approach of Sims et al. (1990) , who showed that OLS estimates of VAR coefficients are consistent under a broad range of circumstances even if the variables are nonstationary, and estimate the VAR model in levels.
The moving-average representation of VAR model can be written as
where
, A 0 is theidentity matrix × and A i = 0for i < 0.
Our further analysis relies on variance decompositions, which allow assessing the fraction of the H-step-ahead error variance in forecasting x i that is due to shocks tox j . In order to deal with contemporaneous correlations of VAR shocks, we use the generalized VAR framework, which produces variance decompositions invariant to ordering choice. The generalized approach allows correlated shocks, taking into account the historically observed distribution of errors. Thus, although the method does not identify the causality of spillovers, it relies on historical patterns to identify directionality.
The H-step-ahead forecast error variance decomposition 7 is calculated as
where Σ is the variance matrix for the errors ε, σ ii is the standard deviation of the error term for the i-th equation of VAR and e i is a vector which contains one as i-th element and zeros otherwise.
The Total Spillover Index (TSI) is then constructed as:
where θ ıȷ
. The total spillover index, thus, measures the contribution of spillovers of shocks across variables under consideration to the total forecast error variance.
In order to investigate the direction of spillovers in yields across countries, i.e. the portion of total spillover index that comes from x i to all other variables, the directional spillover is applied:
This approach allows us to investigate changing-over-time dynamics of spillovers in the form of rolling regressions, and thus, the time variations of total and directional spillovers during the global financial crisis (GFC), the Euro crisis, and implementations of UMPs, which are of particular interest in our study.
Empirical results
Our empirical Our estimated generalized impulse responses for the model suggest that positive shocks to the US, the Euro area and Japan government bond yields result mostly in significant positive reactions of other countries' bond yields during the next 15 working days (Figures 2 to 4 ). Only in a few cases we observe insignificant reactions, i.e., the impulse responses for China's bonds to US shocks;
Indonesia and China's bonds to Euro area shocks; India, Indonesia, the Philippines and China's bonds to Japan's shocks. 9 Altogether, our estimated generalized impulse response functions make sense with regard to significance and sign. In the following, we will concentrate on variance decompositions and the associated spillover measures.
8 As a robustness check, we selected a lag length of 2 according to the BIC The results remain robust to the lag length choice and are available in the working paper version of this article (Belke et al., 2017) . 9 A discussion of our results for China follows below. Response of JP10B to JP10B R esponse to Gener al i zed One S.D . Innovati ons ± 2 S.E.
The Total Spillover Index (TSI) for all countries under consideration over the whole sample is 23.1% (Table 1) . Spillovers from major advanced economies (US, Euro area and Japan) explain a significant proportion of the variation in both advanced and emerging Asian economies' bond yields. About 14% of the variation in Asian EMEs' is attributable to spillovers from advanced economies, whereas only 5% are due to shocks generated by other emerging markets (remaining 81% are the contributions of own shocks). Almost 60% among the aforementioned spillovers from core to emerging markets can be traced back to the US, while nearly 30% and 10% stem from the Euro area and Japan respectively. for the time being, a result of the relatively small size of China's sovereign bond market and also a consequence of the still comprehensive controls on portfolio investment flows.
Spillovers from other emerging countries (namely from Philippines and Thailand) explain more variation in Indonesia's bond yields than spillovers from core countries. This could be seen as a sign of growing regional financial market integration. All other countries demonstrate strong linkages to the US and the Euro area, whereas spillovers to Emerging Asia from Japan are of lesser importance. Table 1 Note: Left y-axis is for the directional spillovers data, right y-axis is for the TSI data.
The spillovers are indeed not constant over time. From Table 1 we observe that a large portion of the "average" total spillover index belongs to the spillovers across advanced countries, indicating highly integrated financial markets across advanced countries and their strong inter-linkages. Since in this study we are particularly interested in spillovers to Emerging Asia, we continue with an 10 The rolling window is chosen to be 700 working days.
analysis of directional spillover indices from each of the major advanced economies to Asian economies. Philippines Thailand Taiwan Figure 6 shows the long-term interest rate pass-through for each country from all other countries under consideration. Along with the contributions of advanced countries, the interlinkages in the regional bond markets are also displayed. While for Hong Kong and South Korea bond markets spillovers come mainly from advanced economies, a relative large portion of the spillovers facing Malaysia and the Philippines come from Emerging Asia' regional bond markets.
Spillovers from the US 11
11 An overview of monetary policy events in the US, Japan and the Euro area is provided in the working paper version of this article (Belke et al., 2017 ). Bernanke's testimony to the Congress (known as "taper tantrum") on May 22, 2013, was quite volatile, whereas the latter resulted in growth of US-Emerging Asia yields spillovers. After the QE3 program was finished and until the Fed had increased the interest rates, the US yields spilled intensively over emerging Asia. Taken together, from the dynamic pattern we clearly observe that sudden changes of intensity in the US bond market spillovers coincide with specific policy announcements. The increase of the spillovers during the implementations of low interest rate policies is in line with the search-for-yield hypothesis (Belke and Rees, 2014) . The results are also consistent with the findings of Obstfeld (2015) that US monetary policy has been to an increasing extent transmitted to Asia through global bond markets.
So far, we have analyzed the dynamic behavior of US bond market spillover to Emerging Asia bonds taken all together. The next question which arises is whether countries in Emerging Asia display common reactions to US long term interest rates shocks. Thus, we will have a look at the pairwise directional spillovers from US to each of the Asian country under consideration ( Figure   7 ). Hong Kong, whose currency is fixed to the US dollar through a currency board arrangement, also experienced sizable spillover effects from the US. 
Spillovers from Japan
Spillovers from China
Given the growing role of the Chinese economy in the region and the world economy at large, we may briefly look into spillovers from China's bond yields to yields of other Emerging Asian economies. As already mentioned when we discussed the results for our spillover index for all countries for the whole sample period reported in Table 1 Emerging Asian countries were more or less prone to spillovers from US bond markets over the whole time period under consideration. Thus, we have been able to identify potential structural breaks which should be taken into account in further research on this topic.
A panel of robustness tests was conducted in order to check whether our results are sensitive to the model specification and the choice of model parameters. Firstly, we have included the VIX (as well as oil prices) in an endogenous set of variables, instead of considering it as exogenous control variable as it was done in our baseline VAR-model. Bellas et al. (2010) , among others, argue that the measures of market sentiment and global risk aversion explain a large fraction of EME sovereign bonds. However, the global risk aversion itself might be influenced by changes in advanced countries' interest rates (Rey, 2013; Rey, 2014) , and thus, considering VIX as endogenous variable might be more appropriate. Secondly, we have modified our model in order to control for the possible linkages between bond yields and exchange rates. Gadanecz et al. (2014) found that exchange rate risk is a key determinant of EME sovereign bond yields, and could amplify the negative impacts of domestic and international factors on bond yields. Thirdly, we have tested our model with respect to the different choices of model parameters -alternative lag orders of 2 and 8; 10 and 20 working days forecast horizons. Because of space constraints, our robustness checks cannot be reported and fully discussed here, but they are available in the working paper version of this study (Belke et al., 2017) . Overall, our model passed successfully the sensitivity checks and we thus consider our basic findings as reliable.
Conclusions
In this contribution we have investigated the extent to which changes of long-term interest rates in major advanced economies have affected long-term government bond yields in Emerging Asia. To gauge long-term interest spillover effects, we have employed VAR variance decompositions derived from high frequency data. Our results reveal that sovereign bond yields in Emerging Asia at times responded significantly to changes to US and Euro area bond yields, although the magnitudes turned out to be heterogeneous across countries. This may indicate to the different transmission and adjustment mechanisms in Emerging Asian economies, which could in turn explain the cross-countries differences in macroeconomic performance, e.g., output and credit growth. Spillovers from Japan were also sizable for a few Southeast Asian countries, but at a lower magnitude. In all cases, the magnitude of spillovers varied over time. The pattern of these variations can partially be attributed to the implementation of different unconventional monetary policy measures in advanced countries. Generally, we observe the intensification of spillover effects on emerging markets during the UMPs, supporting the notion of the "New Normal" for the recent international financial system.
Our finding clearly suggest that the notion of a "decoupling" of Emerging Asian economies and financial markets from the US and also Europe remains an illusion. Spillovers from US bond markets in particular were sizable already before the start of the Fed's UMPs, and they have become larger since. It is also notable that we do not find any evidence of a growing importance of spillovers from China's bond markets to the rest of region.
While calls have been made by Asian policy makers for greater international monetary coordination to limit such spillovers (e.g., Rajan, 2014) , the mandate for achieving domestic economic targets for both the Fed and the ECB effectively limits substantial international monetary cooperation to exceptional circumstances, such as financial upheavals of a global scale. The implication is that Emerging Asian economies will have to continue learning to live with such policy spillovers. 12 If central banks are constrained in their ability to control domestic long-term interest rates, the whole arsenal of macro-prudential policies has to be used to try to control domestic credit creation and safeguard long-term financial stability.
